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= Motivation

 Computational Model
- Drawings and geometry information

- Numerical problem formulation

= Simulation results

- Mode pattern and characteristic data

for a tuned and untuned structure

 Summary / Outlook
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Motivation

 PETRA Cavities
- Photographs

PickiUp Loop}\

e ﬂ// ‘. s wa |/
e | V\jay@gmde:tf@axial
3 ;Traﬁéi{g)n (Doorknob)
g ‘i\‘

Tuning Plunger
Vacuum Rump

‘ From time to time automatic switch-off of the power supply due
to unexpected high fields in the cavity or waveguide system.
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 Computational Model
- Drawings and geometry information

- Numerical problem formulation
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Computational Model

 PETRA III, 500 MHz, 7-cell Cavity

- Drawings

Courtesy of

Kathrin Cottel
Michael Ebert
Rainer Wanzenberg
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Computational Model

 PETRA 1II, 500 MHz, 7-cell Cavity

: : Input W id
- Geometry information nput Yraveguide

Pump Port \ / Pump Port
Tuning Plunger Tuning Plunger
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Computational Model

 PETRA III, 500 MHz, 7-cell Cavity

i - Input W id
- Geometry information nput Vaveguide

T N f ;/ Y &Y
S P S 4 db ZiS 41 d
I EE e S e=an
i ) N T
/ Cavity L
Pump Port \ Pump Port
Tuning Plunger Tuning Plunger
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Computational Model

» PETRA IlI, 500 MHz, 7-cell Cavity Input Waveguide

- Geometry information

WR-1800 to 6% inch
Waveguide-Coaxial

Pump Port Tuning Plunger Transition
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Computational Model
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 PETRA, 500 MHz, 7-cell Cavity
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Computational Model

 PETRA 1II, 500 MHz, 7-cell Cavity

- Geometry information (Details of the input coupler)

Alumium Oxide
Photograph Windows
P e S Outer Conductor /\

N\

Cone

Coupling Loop Inner Conductor

Courtesy of t_.

Kathrin Cottel z
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Computational Model

 PETRA 1II, 500 MHz, 7-cell Cavity

- Geometry information (Details of the tuning plungers)

Modeling of
Guide and Spring

Neglect Cooling Channels

Photograph

Tuning Plungers
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Computational Model

 PETRA III, 500 MHz, 7-cell Cavity

- Geometry information (Details of the tuning plungers)
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Computational Model

 PETRA III, 500 MHz, 7-cell Cavity
- Estimation of resonances (Beschleuniger-Betriebsseminar 2015)

Die elektrische Lange von I, nach I, betragt bei s=0

ziemlich genau 2 500-MHz- Wellenlange (\
( I‘\, / 8

IL[®

s=- 0 s=
o ',.\29_'_""3'3"
A 7

®|
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N

Michael Ebert | Beschleuniger-Betriebsseminar 2015 | 23. bis 26.3.2015 | Seite 59

|
\$2y/

Courtesy of Michael Ebert

January 21, 2016 | TU Darmstadt | Fachbereich 18 | Institut fir Theorie Elektromagnetischer Felder | Wolfgang Ackermann | 14

<l

&=
® ¢ |




Computational Model

 PETRA lII, 500 MHz, 7-cell Cavity

- Numerical problem formulation
=) Eigenvalue calculations for closed structures

Cavity

WR-1800 to 6¥4 inch

Pump Port : : it
Waveguide-Coaxial Transition

Tuning Plunger
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Outline

= Simulation results

- Mode pattern and characteristic data

for a tuned and untuned structure
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» Calculated Resonances (first 30 values)
Freguency (Muliple Modes)
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Simulation Results

» Calculated Resonances (first 100 values)

Frequency (Multiple Modes)
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wol * . Simpified modeling with

. _____ waveguide port replaced by

g PEC boundary condition.

200 et m) Additional modes in the input coupler.
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-C

alculated Resonances (concentration on first 30 values)

Frequency (Multiple Modes)
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= Calculated Resonances
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= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances
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= Calculated Resonances
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= Calculated Resonances
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= Calculated Resonances
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Simulation Results

= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances
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Simulation Results

= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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= Calculated Resonances

Frequency (Multiple Modes)
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Accuracy Considerations
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- Closed structure with PEC boundary conditions
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Accuracy Considerations

= Calculated Resonances

- Estimation of the relative error with respect to the resonance frequency

Comparison: Meshl — Mesh3

Comparison: Mesh2 — Mesh3
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= Capability to separate modes (mixed polarization observed)
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» Rotation of the Polarization
Frequency (Multiple Modes)
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Simulation Results

 Comparison: Tuned and Untuned Structure

- Evaluation of the longitudinal electric field component along the axis
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Simulation Results

» Postprocessing: R/ Q (tuned cavity)

R over Q beta=1 (Multiple Modes)
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» Postprocessing: R/ Q (tuned cavity)
10°rw
10} o Sextupole
]
-
10"} ° o*
o9
£ 10°} 0 4 ¢ v e’
5 ° et'®
9 ' ® [ ]
O 10-1] @ » e ®
E 10 [ ] % =» 'Y J |
= g @ @ (] .l
()
o 10-2 D ' e &
@ ® @
]
1077} ¢
®
L
107}
Quadrupole
Monopole
1077 = : : : : — : :
500 600 700 800 900 1000 1100 1200
Frequency / MHz
January 21, 2016 | TU Darmstadt | Fachbereich 18 | Institut fir Theorie Elektromagnetischer Felder | Wolfgang Ackermann | 56 \7/
=e




S_ I . R I TECHNISCHE
UNIVERSITAT
imulation Results UNIVERSITAT
» Postprocessing: R/ Q (untuned cavity)
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» Postprocessing: Quality Factor (tuned cavity)
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Simulation Results
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- Postprsocessing . Quality Factor (untuned cavity)
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Simulation Results

» Postprocessing: R/ Q (tuned cavity)
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Simulation Results

» Postprocessing: R/ Q (untuned cavity)
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 Summary / Outlook
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Summary / Outlook

Summary:

- Precise modeling of the PETRA Ill cavity including pump
ports, tuning plunger and input coupler

- Eigenmode analysis performed up to the first sextupole
passband (mode pattern, frequency, R/Q, Q via power loss)

- Modes in the second dipole passband possess unexpected
high valued for R/Q

» Outlook:
- Application of the complex eigenvalue solver
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